Introduction
In preparation for The tube hodoscopes were constructed from brass tubes 1.2 x 0.7 cm2 in cross-section and 50 cm in length. Gold plated tungsten anode wires 100 ,u m in diameter were centered in the tubes. The brass tube cathodes were at negative high voltage.
The anode wires were at ground potential and connected to 30 meter long RG58/U coaxial cables which carried the total charge to the ADC's.
The signal was not amplified.
Pulses from each wire of the tube hodoscopes were digitized by 12-bit LeCroy 2285 ADC's with a sensitivity of 0.1 pc/count and a 256 ns gate. The gas volumes of the individual brass tubes were connected to each other in series via 1.6 mm diameter tubing. The tube hodoscopes were flushed at atmospheric pressure with a gas mixture of 50% argon and 50% ethane bubbled through ethyl alchohol at 00 C, giving a final gas mixture of 49.3% argon, 49.3% ethane and 1.14% alchohol. The X hodoscope consisted of 13 vertical wires and the Y hodoscope consisted of 20 horizontal wires. The entire apparatus rested on a table which could be positioned vertically or horizontally to 1mm.
Test Results
With the active converter removed each hodoscope element was positioned on the positron beam. For the scintillator hodoscope this was done with the beam at three positions along the counter approximately 40 cm, 100 cm [61 and 200 cm from the phototube. This scanning procedure determined the pulse amplitude of minimum ionizing particles hitting each hodoscope element.
The average integrated charge for minimum ionizing particles in the scintillator was 10 pc when the beam was close to the phototube, 8 pc at the one meter position and 3 pc when the beam was nearly two meters away.
The factor of three reduction in the total charge over the length of the counter is a result of the large attenuation factor of the scintillator.
The minimum ionizing pulse amplitude in the tube hodoscope was studied as a function of the high voltage applied to the tubes. Below 2250 V, all the minimum ionizing pulses produced charge comparable to that expected in saturated avalanche operation.
At 2250 V pulses of approximately fifty times larger charge than saturated avalanche minimum -ionizing pulses appeared. The fraction of these large (limited streamer) pulses incPeased from 2% at 2250 V to 13% at 2300 V and 56% at 2350 V. These results are illustrated in Fig. 2. Above 2350 V, "double" streamers are also observed. For the purpose of the results presented here no distinction has been made between the two types of limited streamers. For the remainder of the tests the tube hodoscopes were operated at 2250 V. At this voltage the average integrated charge for minimum ionizing particles was 1.3 pc. Figure 2 Once the minimum ionizing pulse amplitudes were determined, all results could be expressed in units of number of minimum ionizing particles and a normalization factor for each element was established.
With the active converter in place scintillator Figure 3b At 25 GeV a total multiplicity of approximately 60 times minimum ionizing was observed in both the scintillator and the tube hodoscopes. The bars on the data points in these figures are not errors in the determination of the centroid of the observed ionization distributions but rather the rms deviation of these distributions.
Approximately 1000 showers were collected at each energy giving a negligible statistical error in the determination of the mean.
The occurrence of limited streamers in the showers was observed. At 2250 V the ratio of limited streamer pulses to minimum ionizing saturated avalanche pulses was found to be essentially independent of energy and the intensity of the particles hitting the wire. The ratio 1.2+0.3 % is slightly lower, though not inconsistent with the ratio measured for single minimum ionizing particles. Events which were identified as having limited streamers (greater than 40 units of minimum ionizing particles on a single wire) were eliminated from the resolution analysis.
The shape of the electromagnetic showers was studied by observing the fraction of the total ionization in each of the elements. Figs. 4a-d The errors assigned to the data points are not the statistical errors in the determination of the a 's, but the rms spread in the CJ's when the first moment calculation was repeated with no and nf independently changed by ± 1. These data are approximately described by 0y(mm) (0.5 ± 0.1) + (9.0 X 0.3)/ V\"for the scintillator hodoscope and (3.1 + 0.4) + (4.6 ± 0.8)/ VI'for the X hodoscope.
No difference in the resolution of the scintillator hodoscope was found for the data where the beam was at the position one meter from the phototube. Also no difference was found when the first moment analysis was performed with the counters grouped by two, simulating a 1 cm element hodoscope. 
